It has been demonstrated that heart muscle contains lipoprotein lipase (LPL) in high concentrations (1, 2). This enzyme, which appears to be identical with the post-heparin "clearing factor," specifically hydrolyzes the triglyceride component of chylomicrons and other low density lipoproteins (3).
It has been demonstrated that heart muscle contains lipoprotein lipase (LPL) in high concentrations (1, 2) . This enzyme, which appears to be identical with the post-heparin "clearing factor," specifically hydrolyzes the triglyceride component of chylomicrons and other low density lipoproteins (3) .
It is assumed that the enzyme is held on the cell surfaces by electrostatic forces (4) and is in equilibrium with small quantities of circulating LPL (5) . Injection of heparin (6) and other substances with negatively charged polar groups (7-10) is followed by a prompt appearance of LPL activity in the circulation. These observations suggest that alteration of the electrostatic forces holding the enzyme to the binding sites on the cell surfaces may account for the immediate action of these substances.
Ligation of the coronary artery produces immediate electrocardiographic (ECG) changes, which are assumed to reflect the disturbed equilibrium of the electrostatic forces over the infarcted area. Manual massage, by producing subepicardial damage, can also result in changes of the surface electrostatic forces. Infarction and massage affect the electrostatic forces of the damaged surfaces only. Electrical defibrillation, on the other hand, can disturb the electrostatic equilibrium of the entire myocardium.
This study was undertaken in order to demonstrate the effect of myocardial infarction, manual massage, and electrical defibrillation on the level of myocardial LPL. It was assumed that these factors would release the enzyme from its binding sites by a possible effect on the electrostatic forces tResearch Fellow, New York Heart Association. similar to that exerted by certain electronegatively charged macromolecular substances.
METHODS
The experiments were performed on 28 mongrel dogs weighing 10 to 12 kg. Each dog was anesthetized with sodium pentobarbital (Nembutal; 25 to 30 mg per kg body weight, i.v.), and connected to a positive pressure breathing apparatus and a direct-vision electrocardiograph.
Ligation of the left circumflex coronary artery at its origin was performed through a left-sided thoracotomy in the fifth intercostal space. ECG tracings were taken before and at varied intervals after ligation.
Manual massage was applied by rhythmical pressure over the ventricles only. Electrical defibrillation was effected by a cardiac defibrillator that sends a pulse of 1.5 to 3.5 amps through the heart, with a duration of 0.15 second and an amplitide of 150 v.
The dogs either expired shortly after placement of the ligature or were sacrificed by exsanguination; the heart was taken for LPL studies. The excised heart was washed with ice-cold saline and examined immediately, or it was frozen and the studies were performed several days later. Preliminary studies showed that freezing the heart for several days did not affect the myocardial LPL activity.
Release of LPL activity from heart muscle was examined by incubating myocardial slices taken from the atria, ventricles, and area of infarction in the presence of heparin. Each slice, weighing approximately 1 g, was sectioned with a razor blade into multiple thin slices, each weighing 50 mg or less. They were placed in 25-ml Erlenmeyer flasks, each containing 1 ml of KrebsRinger phosphate buffer (pH 7.4) per 100 mg wet weight of tissue, and incubated at 37'C with gentle agitation. Sodium heparin 1 in a final concentration of 30 ug per ml was added to the incubation medium. After 1 hour of incubation the lipase activity of two aliquots of each incubation medium was assayed for its ability to produce free fatty acids (FFA) from a standard cottonseed oil (Lipomul 2) substrate. The triglyceride substrate was 1 Liquaemin, 10 mg per ml, 1,000 USP U per ml; Organon Inc., West Orange, N. J. 2 (12) except that Nile blue A was used as a titration indicator (13) .
The myocardial LPL content was determined by the method described by Korn (1). The acetone-dried, ammonia-extracted (50 mg per ml) and lyophilized powder obtained from the atrial, ventricular, and infarcted myocardium was dissolved in saline, and aliquots were taken for assay of lipolytic activity as described. The activity was expressed in microequivalents of FFA per gram of protein of the saline-dissolved powder liberated during 1 hour of incubation.
Protein was determined by the method of Lowry, Rosebrough, Farr and Randall (14) .
RESULTS
Effect of experimental myocardial infarction on the cardiac activity of dogs. The effect of infarction on the cardiac activity is summarized in Table I . Thirteen of the 22 dogs examined developed ventricular fibrillation almost immediately after ligation of the coronary artery; 11 of them expired shortly after placement of the ligature despite attempts at defibrillation by manual massage, or electrical defibrillation, or both. Dog 5 survived the infarction, but its ventricles were massaged for 5 minutes without preceding ventricular fibrillation, and it was sacrificed. These 12 dogs were divided into three groups: those examined for the effect of infarction and ventricular fibrillation (dogs 1-4), those whose hearts were massaged (dogs 5-7), and those receiving electrical defibrillation alone or in addition to ventricular massage (dogs [8] [9] [10] [11] [12] .
Ten dogs survived the infarction without complications. They were also divided into three groups: those surviving for 24 to 48 hours (dogs [15] [16] [17] [18] [19] [20] , those that survived but were sacrificed 2 months after the operation (dogs 21, 22), and those that had developed ventricular fibrillation but whose cardiac activity was returned to normal by massage and electrical defibrillation (dogs 13, 14) .
Placement of the coronary ligature resulted in immediate appearance of a well delimited area of infarction over the left ventricle, concomitantly with occurrence of typical changes in ECG. It was not possible to record the changes in ECG caused by infarction in the dogs with ventricular fibrillation, but they all developed a visually well demarcated area of infarction.
Effect of heparin on release of myocardial lipolytic activity in vitro. Incubation of myocardial slices obtained from the atria or ventricles of five normal dogs in the presence of heparin resulted in a marked elevation of the lipolytic activity of the incubation medium (Table II) . Incubation in the absence of heparin was followed by release of a minimal activity. The heparin-released lipolytic activity from the atrial and ventricular myocardium was in a very close range.
Demonstration of the identity of the heparin-released myocardial lipolytic activity with LPL. To demonstrate the identity of the heparin-released lipolytic activity with LPL, the effect of some factors known to influence the activity of LPL (1) ligation produced ventricular fibrillation in addi-intact atrial muscle (Table IV) . The mechanical tion to infarction, the infarcted muscle was de-action of massage upon the right ventricle was pleted of LPL to a degree similar to that of in-sufficient to deplete the muscle of LPL to the same farction alone (Table III) . Ventricular fibrilla-extent as did infarction alone. Massage applied tion lasting 3 to 20 minutes was without effect on without preceding fibrillation (dog 5) also rethe LPL activity of the uninfarcted atrial and sulted in a similar depletion of LPL of the right ventricular muscles. Hypoxia, lasting even ventricles. for 20 minutes, which can be induced by the reEffect of electrical defibrillation on myocardial duced cardiac output of the fibrillating ventricles, LPL activity. Application of electrical defibrilwas without effect on the LPL activity of the lating impulses through the heart produced a "undamaged" parts of the myocardium. Of par-marked decrease of the LPL activity of the entire ticular interest, however, is the significant and myocardium (Table IV) . Electrical stimulation prompt LPL depletion of the infarcted muscle, of the myocardium was sufficient to deplete the which occurred as fast as 3 minutes after placing undamaged atrial muscle of LPL, equal in degree the ligature. This depletion cannot be related to to the depletion produced by infarction, or venmyocardial necrosis, since no significant necrotic tricular massage, or both. changes can take place during this short interval.
Effect of survival on myocardial LPL after Effect of ventricular massage on myocardial defibrillation by massage and electrical stimulation. LPL activity. Manual massage of the fibrillating The attempts at defibrillation returned the disventricles was applied to dogs 6 and 7. This re-turbed ventricular contraction to normal sinus sulted in depletion of LPL in both ventricles, in rhythm in dogs 13 and 14; they were sacrificed contrast to the normal activity determined in the after 12 and 48 hours, respectively. Their hearts independent of necrotic changes in tissue. Thus, the possible mechanism of release of myocardial LPL would be essentially different from the one causing elevation of peripheral myocardial transaminase, which is attributed to necrotic changes leading to liberation of the intracellular enzyme. Myocardial ischemia, lasting for 45 minutes, was without effect on plasma transaminase level (16, 17) , whereas LPL, as our results indicate, is released promptly after the coronary ligation.
Ligation resulted in immediate ECG changes, which are assumed to be due to alteration of the surface electrostatic forces over the infarcted area. Manual massage, by producing some degree of subepicardial damage which is known to affect the ECG tracing, can also change the electrostatic forces. While the evidence for disturbed surface electrostatic equilibrium after coronary ligation or massage is indirect, electrical stimulation would undoubtedly affect the electrical charge of the entire myocardium. In this respect the mechanism of LPL release resembles that of heparin and other polyanions (6-10), which are assumed to release the enzyme from its binding sites on the cell surfaces by changing the electrostatic forces that hold it (4).
It is therefore reasonable to suggest that the enzyme has a location on the cell surface, which would also explain its prompt release not related to necrotic changes. This assumption, however, is greatly hampered by two additional factors that should also be considered. The profound metabolic changes caused by the infarction and the related circulatory impairment can affect the cellular permeability. This by itself can result in release of intracellular enzyme, which would not be related to myocardial necrosis or alteration of the electrostatic forces. Furthermore, it has been shown that electrical and chemical stimulation can cause disruption of mast cells with discharge of their heparin content (18) into the circulation. Thus, one can assume that the effect of coronary ligation, massage, and, particularly, electrical defibrillation is secondary to release of myocardial LPL by endogenous heparin, rather than to direct effect on the surface electrostatic forces.
Determination of plasma heparin levels and histochemical examination of the mast cells are required for further elucidation of the mechanism responsible for liberation of myocardial LPL.
High levels of lipoprotein lipase (LPL) activity were determined in the myocardium of dogs. The enzyme was released from heart slices by heparin upon incubation in vitro. The identity of myocardial lipase with LPL was demonstrated by inhibitory studies and calcium phosphate gel adsorption. High levels of LPL activity were also found in myocardial acetone-dried powder.
Myocardial infarction induced by ligation of the coronary artery resulted in a prompt and marked depletion of LPL in the infarcted area. Survival for 24 to 48 hours was without effect on the LPL level of the infarcted muscle.
Manual massage of the ventricles resulted in depletion of LPL of the uninfarcted right ventricle in addition to that of the infarcted muscle. Electrical stimulation depleted the entire myocardium of LPL. Survival of the dog affected the enzyme level of the uninfarcted muscle only; the atria recovered the enzyme completely, whereas the right ventricle, apparently damaged by the effect of massage, recovered LPL only partially.
The marked depletion of LPL was assumed to be due to release of myocardial enzyme into the fluid perfusing the heart. The prompt liberation of LPL was independent of tissue necrosis. This was considered as additional evidence for the prevailing opinion that the enzyme is located on the cell surfaces.
The possible role of infarction, massage, and defibrillation in affecting the surface electrostatic forces in a manner similar to that induced by heparin and other polyanions, is discussed.
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